To study issues of diet and health among Hispanic adults living in the northeastern United States, the authors adapted a version of the National Cancer Institute (NCI)/Block food frequency questionnaire. Foods that contributed to nutrient intake of Puerto Rican adults in the Hispanic Health and Nutrition Examination Survey (HHANES) were ranked to identify items to be added to the food list. Portion sizes were compared across HHANES and the Second National Health and Nutrition Examination Survey (NHANES II) to assess the adequacy of the assumed values. Within line items, frequencies of consumption of individual foods were ranked and these data were used to adjust the weighting factors within the database. To test the revised form, 24-hour recalls were collected from 90 elderly Hispanics and 35 elderly non-Hispanic whites. These data were coded into the original and revised food frequency forms and nutrient intake results were compared with recall results by paired f-test, and by Pearson and intraclass correlations. Added foods include plantains, avocado, mango, cassava, empanadas, and custard. Portion sizes differed significantly between HHANES and NHANES II, and were left open-ended. Estimated mean nutrient intakes and correlations with recall data were lower with the original versus the revised form. The authors conclude that the use in minority populations of food frequency questionnaires developed for the general population is likely to result in biased estimates of intake unless modifications are made in the questionnaires. Am J Epidemiol 1998; 148:507-18.
developed or subsequently validated. Often, a comparison of dietary risk across sub-populations is of central interest. There is, therefore, a need for instruments which will capture the diets of differing groups without differential bias in ability to describe and rank individuals with regard to food and nutrient intake. In this paper, we describe the process we followed in order to develop an instrument for the Massachusetts Hispanic Elders Study, where diets of Hispanics, primarily of Puerto Rican origin, are assessed along with those of neighborhood matched non-Hispanic white subjects.
MATERIALS AND METHODS

Instrument development
The development of a food frequency questionnaire that can simultaneously provide valid measures of diet for Puerto Rican and non-Hispanic white subjects poses several problems. First, the Puerto Rican diet differs significantly from what may be considered dominant dietary patterns in the United States and includes foods not on any of the major existing instruments. Also of concern are the assumptions used for food item weights within the nutrient database. A single line item in the questionnaire often includes 508 Tucker et al. multiple foods, which are generally weighted by frequency of use in the population (e.g., apples are weighted more than applesauce or pears in that line item of the Block questionnaire) in order to obtain nutrient estimates. These relative weights may not translate appropriately to other population groups. In addition, typical portion sizes differ for major food contributors to intake.
We used the Hutchinson Cancer Research Center (HCRC) adaptation of the NCI/Block food frequency form as a base for further adaptation. The HCRC version of the Block is written in SAS (10) , is linked with the Minnesota Nutrient Data System (NDS) (11) , and allows complete flexibility in adaptation (12, 13) . Following the methodology originally used by Block (1986) with NHANES II data, we analyzed 24-hour recall data from the Puerto Rican subset (aged 19-74 years) of the Hispanic Health and Nutrition Examination Survey (HHANES) (14) to define foods that were major contributors to intake for the following nutrients: energy, fat, saturated fat, carbohydrate, protein, cholesterol, vitamins (A, C, E, thiamin, riboflavin, niacin, B6, B12, and folate), and minerals (calcium, magnesium, iron, and zinc). Because there are several thousand individual food items in the HHANES database, with many variations of the same food type, foods were coded into food categories based on the existing food frequency food list. Foods that could not be accommodated into this list were assigned to additional categories. Sample weights, provided within the HHANES data set, were used to adjust for nonresponse (14) . The contribution of each food category to total population intake of each nutrient was ranked, using the Rank procedure in SAS (10) . Foods that contribute 0.5 percent or more to the intake of energy or any single nutrient were added to the food list, if not already included. No foods already on the HCRC/ Block questionnaire were removed.
Revision of the database
A second potential source of error may result from assumptions on the weighting of food items in the nutrient database. Foods are grouped on the questionnaire, based on similarity of food category and nutrient content. Each line item in the food frequency form contains either a single food, or multiple similar foods. The nutrient data for each line item reflects a weighted average of this combination of foods. In the HCRC questionnaire, these sub-foods are weighted according to their relative use in the general population. It is likely that relative use may differ in minority populations. We therefore examined the relative frequencies of intake of foods in the Puerto Rican adult sample of HHANES within each food frequency line and compared these with existing analysis weights. When the frequencies of intake differed, weighting assumptions in the nutrient database were revised to an intermediate position by averaging the two percentage contributions to total frequency. Foods that contributed less than 5 percent to the frequency of consumption within line item for either group were not included in the nutrient database. Because differences in food preparation may also affect results, foods prepared with very different recipes were considered and included in these weights separately. If fat or other nutrient composition differed and the food was commonly consumed by the Puerto Rican population, it was removed to a separate line item or an adjustment question about preparation was included.
Nutrient data for the final listing of food and subfood items were updated from the HCRC database, using the Minnesota Nutrient Data System (NDS) (11) . Due to its affiliation with the HHANES dietary data collection and processing, the NDS contains many Hispanic foods, including those used by Puerto Ricans. All of the most common foods required by our final food list were available directly, or through the ingredients of a recipe. If not already in the NDS, recipes for Hispanic foods were obtained from Puerto Rican cookbooks and verified and/or adapted with data from 24-hour recalls administered locally to Hispanic elders.
Determination of methodology for portion size assessment
A third potential source of error in the estimation of intake for a differing group, and particularly in comparing intake across groups, is the usual portion size reported. In the HCRC questionnaire, portion size options are given as small, medium, and large-with medium set as the median gram weight of portion sizes in NHANES II, with 50 percent of the medium defined as small and 150 percent as large (15). We compared portion sizes for foods recorded by 24-hour recall by Puerto Rican adults in HHANES with those in NHANES II using Mests and frequency plots in SAS. The distributions of portion size intake were usually skewed, and log-transformed variables were used for two sample Mests.
Because differences did exist, we decided to leave the portion sizes open-ended. With the aid of threedimensional food models (NASCO, Fort Atkinson, Wisconsin) and common household utensils, we asked subjects to describe their usual portion size. This required the development of a computer program for portion size entry which allowed the use of multiples of differing measures, such as cups, tablespoons, slices, units, and so on. We adapted the HCRC form and program for optical scanning of intake frequency and adjustment questions. This information was then linked to the food portion entry program and to our revised nutrient database, by building on and adapting from the SAS program originally written at the HCRC.
Testing and calibration of the revised instrument
To confirm the completeness of the food list for Hispanic subjects in Massachusetts, and to perform an initial calibration of the questionnaire, we collected 24-hour dietary recalls from 90 Hispanic men and women (50 percent Puerto Rican, 39 percent Dominican, and 11 percent other Hispanics (Cuban, Central, and South American)) aged 52-91 years, who were participants in senior day care programs in Boston and Lawrence, Massachusetts. Additional recalls were collected from 35 non-Hispanic white elders aged 60-88 years, who lived in the same communities as the Hispanic elders. We then coded the data from these recalls into both the original HCRC/Block food frequency form and the newly developed form. In addition, we analyzed the data coded into the new form with both open-ended portion sizes and with standard portion sizes. The latter were set as small, medium, or large, using the original portions in the HCRC program. For foods not previously on the questionnaire, we based portion sizes on data from HHANES. Where the median portion size from HHANES differed greatly from that in NHANES II, a new portion was assigned as the average of the HCRC medium portion and the median portion in the HHANES data. Nutrient data for analysis of all versions of the food frequency form, as well as for the 24-hour recall analysis were from the same NDS nutrient database, version 25, 1995 (11) .
Intakes of energy and key nutrients, estimated by 24-hour recall, were compared with those obtained from each of the three food frequency methods-the original HCRC questionnaire, the revised questionnaire with fixed portion sizes, and the revised questionnaire with open-ended portion sizes-using paired Mests in SAS (10) . Where the distribution of the differences across methods differed significantly from normality, significance levels were assessed using the Sign test in SAS (10) . In addition to comparing the mean intakes obtained with differing versions of the questionnaire with the 24-hour recall, we compared the means across ethnic groups (Hispanic vs. non-Hispanic white) within questionnaire type for each of the nutrients (log-transformed due to skewed distributions), using the General Linear Models (GLM) procedure in SAS (10) with adjustment for age and sex. These analyses were also repeated with additional adjustment for total energy intake. Finally, estimates of energy intake from each of the three questionnaires were regressed on the 24-hour recall estimates to examine correspondence across the distribution.
To test validity of rankings, both Pearson and intraclass correlations were examined across distributions of log-transformed nutrient variables obtained from the 24-hour recall, and from each of the food frequency forms, using SAS (10) . Initial results from these analyses were examined for content validity, and led to review of assumptions and programs for correction of errors in the database and programs. This process did not lead to changes in the food list, but did affect some of the recipes and weights for foods within line items of the questionnaire. For example, we originally used cookbook recipes for dishes such as chicken with rice, but found that the actual recipes that were used were much simpler. In addition, we found that the weight of a slice of fried plantain in actual use (average 30 g) differed from that listed in the Minnesota database (74.5 g), and adjusted that accordingly. The changes that were made are not likely to be specific to the elder population, and we believe that the questionnaire should be valid for younger Puerto Rican adults as well. However, this should be tested with a younger population.
RESULTS
Questionnaire development
Examination of the HHANES Puerto Rican adult data (with a sample of approximately 1,300 subjects) revealed several differences in dietary pattern when compared with the overall US adult diet pattern. Table  1 presents the results of the ranking of foods for the Puerto Rican population after grouping individual foods into food groups similar to those constructed by Block et al. (16) for NHANES II. The number one ranking food contributor for Puerto Rican adults living in the New York-New Jersey area was rice, which does not appear in the top 30 food contributors for the average US population. Other items which were more important to the Puerto Rican diet, but not used by the general population, include rice dishes, meat turnovers ("empanadas" and other "frituras"), and plantains. Compared with the general population, Puerto Ricans also appeared to consume considerably more fried chicken, dried beans, and pizza, but less fried potatoes, chips and snacks, pies, and corn-based products.
The process completed in table 1 was repeated for macronutrient components, vitamins, and minerals. Foods which contributed at least 0.5 percent to intake of any nutrient among Puerto Rican adults in the HHANES, and which could not be clearly coded into an existing line item on the HCRC/Block food frequency questionnaire are listed in table 2. Plantains, rice dishes, and frituras are commonly used by Hispanics, but not by the general US population. Others, such as low-fat milk added to coffee and non-fortified fruit drinks, were also identified and added as separate line items because of their contribution to intake among the Puerto Rican HHANES sample.
Examination of the frequency of consumption of specific foods within food frequency line item also revealed differences between HHANES Puerto Rican food patterns and weights in the original questionnaire. For example, the original database included only grape juice, apple juice, and mixed fruit juice for "other fruit juices." HHANES data revealed lower proportional use of grape juice, but significant use of pineapple juice and peach and guava nectars. The weights were, therefore, changed from the original (grape juice, 33 percent; apple juice, 34 percent; and fruit juice, 33 percent) to the average of the two sets (grape juice, 27 percent; apple juice, 42 percent; fruit juice, 16 percent; and pineapple juice, peach nectar, and guava nectar, 5 percent each). Similarly, the types of dried beans consumed differed, resulting in the addition of pink beans and reduction in percent contribution from "pork and beans" and lima beans. Other line items in which changes were made include apples, pears and applesauce, breakfast cereals, eggs, tomatoes, coleslaw and cabbage, salad dressing, "other vegetables," hamburgers and ground beef, pork, fried fish, shellfish, non-fried fish, biscuits and muffins, and breads.
Examination of the HHANES data also suggested a need for revision of adjustment questions on the food frequency form. The HCRC/Block form included questions about the leanness of meat and poultry, type of canned tuna used, and the type of fat usually added to vegetables, and in cooking. Based on the answers to these questions, the nutrient intake of individuals is adjusted to more accurately reflect usual intake of total fat and type of fat consumed. Based on evidence of use by Puerto Ricans, along with current interest in differ- entiating mono-and polyunsaturated oils, we separated vegetable oil into olive oil and "other vegetable oil." We also noted that Puerto Rican recipes usually include the addition of corn oil to rice and to beans, which, given the large amount of these items consumed, could affect fat intake estimates. We therefore added questions about whether fat or oil was used when cooking these items, and the type of fat or oil.
Portion size comparisons
A Mest comparison of log-transformed portion sizes for 93 line items in the food frequency questionnaire for which there were data in both HHANES and NHANES II showed significant differences (p < 0.05) across the two surveys for 55 items. Food items/ groups for which the significance level was <0.01 and with a frequency of use sample size of at least 100 per group are presented in table 3. These data suggest that Puerto Ricans tend to consume larger portions of some fruits, including banana and fruit juices, and smaller portions of some vegetables, such as lettuce and tomato than the general population. They consume significantly larger portions of rice, beans, beef, pork, chicken, bread, and sweet baked goods, but smaller cups of coffee and tea and glasses of milk. In some cases, the apparent difference in portion size may be due to differing coding assumptions used in NHANES II versus HHANES. For example, the median and mode portion size for banana in NHANES II is 102 g, while in HHANES it is 114 g, which is also the amount in the USDA Composition of Foods Handbook No. 8 (17) . Because this is the assumed weight for one banana, the most common portion size, the Mest is significantly different due to this assumption, not to differing actual practice. Differences in most items, however, are probably due to differences in food patterns across these groups.
We plotted the distribution of portion sizes for the HHANES and NHANES II data (not shown). These confirmed differing patterns of portion size in several foods. Examples of two key foods were rice and chicken soup. For rice, the distribution of intake was clearly shifted upward for Puerto Ricans in HHANES compared with the general population in NHANES II, with modal points (in order of descending height) at approximately 500, 300, and 700 g (Puerto Ricans) compared with 200 and 400 g (non-Hispanic whites). Similarly, portion sizes for chicken soup were clearly greater and more varied among the Puerto Ricans (modal points at 120, 250, 190, 300, and 410 g), reflecting their use of this item as more of a main meal than the more typical side cup of soup in the general US meal pattern (150 and 80 g). Use of standard portion sizes would, therefore, systematically underestimate both intake for the Hispanic group and true differences in intake across groups.
Questionnaire comparisons of mean estimation
Mean energy and nutrient intakes among Hispanics, as measured with the 24-hour recall and the three versions of the food frequency questionnaire, are presented in table 4. Because the data from the food frequency questionnaires were generated from the 24-hour recall, the recall data serve as the gold standard from which to compare the differing food frequency tools. As hypothesized, the energy and nutrient intakes of these Hispanic subjects were significantly underestimated by the original HCRC questionnaire for every nutrient except fat, and vitamins B12 and D. Energy was underestimated by close to 300 kcal (1.26 MJ), and nutrient underestimates were particularly great for protein, carbohydrate, vitamin A, folate, vitamin C, calcium, iron, and magnesium. The revised questionnaire with fixed portion sizes, which has a more complete food list, resulted in mean values which are closer to the recall data (exceptions were fat, vitamins D and E, and calcium). With the exception of vitamin B12, where the closest estimate was from the revised questionnaire with fixed portions, the revised questionnaire with open-ended portions yielded estimates closest to the 24-hour recall means for all nutrients. t SE, standard error; FFQ, food frequency questionnaire; RE, retinol equivalents; a-TE, alpha-tocopherol equivalents.
i To convert kcal to MJ, multiply by 0.004184. Because modifications in the questionnaire were based mostly on Puerto Rican data, there was concern that some validity may have been lost for use with non-Hispanic whites. Table 5 presents the comparison of the 24-hour recall data for the non-Hispanic white comparison group with the three versions of the food frequency. Although the original HCRC questionnaire overestimated intake of some nutrients and underestimated intake of others for this group as well, the differences are smaller and less significant than those seen with the Hispanics. The difference in estimated average energy intake was 32 kcal (0.13 MJ) for non-Hispanic whites, compared with approximately 300 kcal (1.26 MJ) for Hispanics. In relation to the 24-hour recall estimates, the revised questionnaire with fixed portion sizes underestimated energy intake, carbohydrate, and vitamin A, more than the original questionnaire for non-Hispanic whites, but yielded closer estimates for fat and vitamin D. The revised questionnaire with open portions measured most nutrients more accurately for non-Hispanic whites than did the original or revised with fixed portions versions of the questionnaire. The original questionnaire remained most accurate for protein and zinc. In contrast to concerns that the revisions may lessen accuracy for the non-Hispanic whites, the new instrument appears to perform at least as well and, for some nutrients, better than the original when open-ended portion sizes are used. In comparison with the 24-hour recalls, the mean energy intake from the revised questionnaire with open-ended portions differs by only 11 kcal (0.05 MJ). Figure 1 illustrates, as examples, the differences in mean estimation for energy, folate, and iron, both across methods and across the two ethnic groups. As hypothesized, the actual small difference in energy intake between the Hispanic and non-Hispanic white samples was greatly exaggerated. A comparison of means across tables shows that an average difference of 200 kcal (0.84 MJ) across groups as measured by the 24-hour recall, would be exaggerated with the original questionnaire to a 470 kcal (1.97 MJ) difference if the original food frequency form was used. With the revised questionnaire with open-ended portions, the difference is 256 kcal (1.07 MJ). Comparison of nutrient intakes across ethnic groups with the original questionnaire revealed significant differences in all of the 18 nutrients measured, although only eight of the nutrients (vitamin A, thiamin, riboflavin, niacin, vitamin B12, iron, magnesium, and zinc) were significantly different with the 24-hour recall. Use of the revised, open-ended questionnaire identified differences in these eight nutrients, but also showed differences in energy, protein, and calcium not seen with the recalls. When analyses were adjusted for energy intake, vitamin A, riboflavin, niacin, vitamin B12, iron, and zinc intakes differed significantly across ethnic groups by 24-hour recall. With the exception of mag- 05; ** p < 0.01; *** p < 0.001; **** p < 0.0001, by paired f-test statistics for H o : mean from food frequency = mean from 24-hour recall. For differences with non-normal distributions, significance levels were determined with the non-parametric sign test.
t SE, standard error; FFQ, food frequency questionnaire; RE, retinol equivalents; a-TE, alpha-tocopherol equivalents.
$To convert kcal to MJ, multiply by 0.004184. nesium rather than zinc, this same set of nutrients differed significantly using the revised, open-ended questionnaire. Tables 6 and 7 present the results of correlations between log-transformed nutrient intake data obtained from each of the three food frequency methods and the 24-hour recall. Because these compare original recall data coded directly into the food frequency questionnaires, they reflect the relative performance of the questionnaire and do not contain the error which would be associated with subject completion of the questionnaires. Among Hispanics, the correlations with the revised questionnaire, and particularly with the open-ended revised questionnaire show considerable improvement in comparison with the original questionnaire. The Pearson correlation for energy intake increased from 0.83 using the original to 0.95 using the revised open-ended questionnaire. Differences were even more dramatic for several micronutrients, including vitamin A (Pearson correlations increased from 0.62 to 0.85), vitamin B6 (0.69 to 0.95), folate (0.57 to 0.88), and iron (0.68 to 0.91). The only nutrients which did not show improvement with the revised questionnaire were vitamins D and E. The intraclass correlations tended to be higher, reflecting the greater inter-versus intra-person consistency in these paired data; they ranged from 0.84 for vitamin E to 0.98 for protein and riboflavin.
Questionnaire comparisons of ranking
Among the Hispanic sample, results for the regression of energy intake from each of the questionnaire versions on the energy intake from the 24-hour recall were as follows: original questionnaire-intercept 380 kcal and slope 0.53; revised questionnaire with fixed portions-intercept 350, slope 0.58; and with openended portions-intercept 42, slope 0.93. Plots (not shown) reveal that estimates are quite good at the low intake end, but tend to be underestimated at higher intake levels, with closest overall agreement for the revised form with open-ended portions.
Correlations for the non-Hispanic whites are presented in table 7. Again, in contrast to concerns that the improvements for Hispanics may lead to decreased validity for non-Hispanic whites, we saw improvements in correlations with the revised, open-ended, food frequency questionnaire for all nutrients except vitamins C and E. Correlations with the revised questionnaire with fixed portion sizes were frequently lower than the original questionnaire (while they tended to be higher among the Hispanics), suggesting that the use of open-ended portions is important when both ethnic groups are being measured. In general, the correlations were slightly lower for the non-Hispanic whites than for the Hispanics. For the questionnaire with open-ended portions, intraclass correlations Regressions of the food frequency estimates on the recall estimates of energy intake for the non-Hispanic whites resulted in the following: original questionnaire-intercept 430 kcal and slope 0.74; revised questionnaire with fixed portions-intercept 419, slope 0.62; and revised open-ended questionnaireintercept 108, slope 0.94. As with the Hispanics, plots (not shown) reveal underestimation of intake at the high intake range with closest agreement for the revised form with open-ended portions.
DISCUSSION
Examination of the dietary patterns of Puerto Rican adults reveals several differences from the general US population. They consume some foods which are not widely consumed by others, and consume many foods in differing patterns of frequency and portion size. These differences in dietary pattern invalidate the use of existing food frequency instruments with this group. In order to obtain valid data on nutrient intake from a food frequency instrument, substantial modification was necessary, including the addition of foods to the food list, adaptation of the nutrient database, weighting of individual contributors to line items, and a reassessment of portion sizes.
Because of significant differences in portion size for many food items, and because of irregular and wide distributions of portion size, the instrument was tested using both open-ended as well as fixed portion sizes. Results demonstrate significant gains in both mean estimation and correlational ranking with open-ended portions, compared with the fixed portion method. This finding differs from other reports of fixed versus open portion sizes. Willett (18) has argued that the added benefit of portion size on ranking of subjects and correlation coefficients or regression coefficients does not justify the expense of collecting the data. He cites several studies (8, (19) (20) (21) , which saw increments in correlations with diet records of only 0.05 or less. Samet et al. (22) found strong correlations between instruments using fixed vs. open portions for vitamin A assessment and also concluded that standard portion sizes were appropriate for their population. However, as Willett (18) notes, this may not be true when differing portion sizes are culturally based. In the usual Puerto Rican diet, for example, rice-the major source of energy-is often consumed in very large amounts at one meal, and may routinely exceed the "large" serving size, estimated in the HCRC questionnaire, as 1.125 cups. As rice may be consumed several times per day, any comparison of intakes across these two groups would appear to show that the Puerto Ricans were consuming significantly less energy and associated nutrients than they actually were.
Our results support the use of open-ended portion sizes with this population. Substantial improvements
